Objective: The main purpose of the present study was to evaluate sleep duration for nighttime sleep from early infancy to late adolescence in a German sample to illustrate the developmental course and age-specific variability of these variables among subjects. Methods: A total of 17,641 subjects from the KiGGS study were evaluated. The questionnaires contained questions about physical health, living circumstances, health behavior and risks, health supply, mental health, health-related quality of life and sleep. KiGGS assessed sleep by using parent questionnaire of children aged 0 to 10 years (n = 9944) and self-reports of adolescents (n = 7697) aged 11 to 17 years. Results: Total sleep duration decreased from 14.28 hours (SD = 2.33) at the ages 0 -0.5 to 9.50 hours (SD = 0.82) at the ages of 10.5 -11. Above the age of 11 adolescents report a decrease of sleep at night from 9.41 hours (SD = 1.33) at the age of 11 -11.5 to 7.42 (SD = 1.73) at the age of 17.5 -18 years. Unspecified sleep problems were reported of 19.5%, 13.0% of the children had difficulties falling asleep, difficulties sleeping through the night showed 8.8% of the children, whereas 3.0% report both symptoms-difficulties falling asleep and difficulties sleeping through the night. Conclusions: Age-specific variability of sleep duration is reported as well as sleep difficulties from infancy to adolescence. This is important knowledge for the health care professional who deals with sleep problems in pediatric practice.
Introduction
Sleep duration changes remarkably during the first years of life. Several studies reported individual as well as interindividual decrease of amount of sleep during early infancy and childhood to adolescence [1] - [9] . Sleep duration of children and adolescents aged 1 month to 16 years in Switzerland (n = 493) decreases from averagely 14.2 hours at 6 months to averagely 8.1 hours at 16 years [9] . Normally, during the first years night sleep duration increases slightly whereas day sleep decreases [5] . During the first year of life, the number of episodes of sleep is reduced by about 50%, but total sleep time is reduced by only two hours [4] . In sum, various studies demonstrated that in childhood and adolescence, nocturnal sleep time decreases, bedtimes are delayed and differences between weekend and school day sleep increase with age [1] [2] [10]- [12] .
In general, over the last decades a tendency towards reduced sleep duration in children and adolescents can be observed worldwide. For example, Dollman et al. investigated trends in the duration of school-day sleep among 10-to 15-year-old Australians between 1985 and 2004 (n = 900) and found that in 1985 the total sleep time was 9.24 hours-in 2004, it was 8.74 hours [13] . In detail, sleep duration declined (28 minutes for girls and 33 minutes for boys) because of later bed times, whereas the school start times remained stable [13] . Also Iglowstein and colleagues also demonstrated that total sleep duration decreased in the recent 30 years because of later bed times: For example, in the mid-1970s mean bedtime in children aged 2 years was at 7:08 p.m., in the 1990s mean bedtime was 7:46 p.m. [9] .
The main causes of less sleep in older children are later bed times due to socio-cultural factors, high levels of nighttime and recreational activities, as well as excessive academic activities [6] . In addition, also pubertal phase delay which significantly affects the sleep-wake schedule, quality of sleep, as well as daytime behavior can significantly reduce hours available to sleep.
Furthermore, culture-specific differences regarding sleep duration are observable: A comparative study accomplished by researchers in the USA and China within children aged 7 to 13 years, showed that Chinese children sleep averagely 9.13 hours whereas US children sleep 10.64 hours [7] . Tynjälä and colleges outlined in a study with 40,202 Europeans from 11 countries aged 11 to 16 years significant differences in sleep duration between countries-for example Swiss children report the longest sleep duration whereas Israeli and Finnish children have the shortest duration of sleep [14] . Furthermore, a cross-sectional and longitudinal study with 668 subjects aged 1 to 20 years confirmed, that Icelandic adolescents aged 11, 13 and 15 have delayed bedtimes and shorter nocturnal sleep compared to European peers [10] .
Several studies suggested that many children and adolescents do not obtain adequate nocturnal sleep [15] - [19] . In a Chinese cross-sectional survey with children aged 5 to 11 years (n = 20,778), 28.3% sleep less than 9 hours per night [20] . An Australian study shows that 23.9% of 3495 children and adolescents aged 5 to 15 years sleep less than 9 hours [21] . Also Padez and colleges demonstrated that 45.9% of Portuguese children aged 7 to 9 years (n = 4511) sleep less than 9 hours [22] . 25% of American adolescents report sleeping 6 hours or less per night [23] . Loessl and colleges confirmed this phenomenon and emphasized that 91.6 % of 601 German students aged 12 to 18 years sleep less than 9.2 hours per night during the week [24] . But too long sleep duration is also a risk factor for physical impairments (e.g. fitness) [25] . The percentage of children and adolescents with long and short sleep duration differs, not only in age groups and countries but also over the years [9] .
Besides changes in sleep duration over the last decades, sleep research illustrated a considerable percentage of sleep disorders in children and adolescents: About 25% of all children experience some type of sleep problemsmostly difficulties falling asleep or sleeping through the night-at some point during childhood [26] , but it has to be taken into account that prevalence rates of insomnia changes due to diagnostic criteria in age groups and countries [27] . In an epidemiological survey (n = 5979) among children in the age of 2 to 12 years old living in China, the overall prevalence of sleep disorders was 21.2% [8] . In Spain, García-Jiménez et al. determined in a study with adolescents that 23.1% had difficulties in getting to sleep, 38.2% wake up during the night and 15.9% wake up too early-and 38.55% of adolescents reported poor sleep quality [12] . In a previous study with German children, 5% of 1400 children at school enrollment, aged averagely 5.52 years old, experience sleep problems like falling asleep or sleeping through the night frequently [28] . Boys and girls differ in the prevalence of sleep disorders: Gender differences in sleep may become apparent after the onset of puberty because of hormonal changes [29] . Gender-related differences in sleep disorders include differences in prevalence [29] : The onset of menses was associated with a 2.75-fold increased risk for insomnia [30] . As Iglowstein et al. [9] emphasized, knowledge of sleep characteristics-such as sleep duration and percentage of short and long sleepers-is important to complete the comprehension of sleep disorders because disproportionate sleep duration is an evident association for sleep problems as difficulties falling asleep, night wakings and early morning wakings. To avoid these sleep disturbances, nighttime and daytime sleep should be adjusted to the age of children and adolescents [9] .
The Robert Koch Institute (RKI, Berlin, Germany) initiated in 2006 a nationally representative cross-sectional survey (KiGGS) studying health and circumstances of life in children and adolescents aged between 0 and 17 years living in Germany (n = 17,641) [31] . The epidemiology of difficulties falling asleep and/or sleeping through the night, the total sleep duration and percentage of long and short sleepers can be ascertained for a large sample of children and adolescents. Furthermore, comparisons with results of the last decades of different countries respective sleep duration are possible.
Methods

Procedure and Participants
KiGGS is a nationally representative cross-sectional community-based survey studying health and circumstances of life in children and adolescents aged between 0 and 17 years living in Germany [32] . It was performed by the Robert Koch Institute (RKI, Berlin) between May 2003 and May 2006. The RKI conducted a 2-stage-sampling procedure: Sampling involved a random selection of 167 communities stratified by federal state, community type and size, followed by random selection of an equal number of children per birth year from local population registries (Centre for Survey Research and Methodology, Mannheim, Germany). The participation rate was 66.6% [33] . For further information on the KiGGS methodology, see the detailed survey literature [31] - [34] . Altogether 17,641 children (9052 (51.3%) boys and 8589 (48.7%) girls) took part in KiGGS. Mean age of children and adolescents was 9.61 years.
Material
The questionnaire contained questions about physical health, living circumstances, health behaviour and risks, health supply, mental health, health-related quality of life and sleep. KiGGS assessed sleep by using parent questionnaire of children aged 0 to 10 years (n = 9944:5101 (51.3%) boys, 4843 (48.7%) girls) and self-reports of adolescents (n = 7697:3951 (51.3%) boys, 3747 (48.7%) girls) aged 11 to 17 years.
Questions about Sleep
To assess sleep problems in childhood, KiGGS acted in accordance with the criteria for insomnia [35] . Parents were asked how many hours the child sleeps per day and night averagely ("How many hours does your child sleep averagely?"). Furthermore they were asked if the child does suffer from sleep difficulties ("Does your child suffer from sleep difficulties?"). If yes, parents should answer whether the child has difficulties to fall asleep or if the child has difficulties to sleep through the night ("My child has difficulties to fall asleep."/"My child has difficulties to sleep through the night."). Questions concerning difficulties falling asleep or sleep through the night were rated as "no" if the initial question on sleep problems in general was negated. Except for the first question on sleep duration, possible answers were "yes" or "no". Inclusion criteria for subsequent analyses, was no missing data in the initial question about sleep problems in general (17,102 of 17,641 participants = 96.9%).
Statistical Analysis
The statistical analysis contained three steps: First, the sleep duration of children and adolescents (0 -17 years in half-year steps) was determined. In a second step, we analyzed the prevalence of sleep problems ("sleep problems in general", "difficulties falling asleep" and "difficulties sleeping through the night") for the complete sample as well as for age groups (0 -2 years, 3 -6 years, 7 -10 years, 11 -13 years and 14 -17 years). In the last step, we determined the association between short or long sleepers and sleep problems. All analyses are available for boys, girls and both and include gender difference analyses. To get nationwide representative results with respect to age, sex, place of residency, and nationality a validated weighting factor was used for all analyses. The number of cases (N) may vary due to this weighting factor. Statistical analyses were accomplished by chi-square tests and univariate logistic regression models to estimate odds ratios (OR). Because of the high statistical power resulting from the large sample size, the level of significance was set at p ≤ 0.01. All data were analysed using PASW ® Statistics 18.
Results
Sleep Duration
According to parents' reports, the total amount of sleep per day decreases steadily from 14.28 hours (sd = 2.33) at the ages 0 -0.5 to 9.50 hours (sd = 0.82) at the ages of 10.5 -11. The interindividual differences (standard deviations) decrease in a similar way. Across all ages there are no remarkable differences between boys and girls. Above the age of 11 this information was interviewed via self report from the adolescents: They report a decrease of sleep at night from 9.41 hours (sd = 1.33) at the age of 11 -11.5 to 7.43 (sd = 1.73) at the age of 17.5 -18 years. Similar to parents' reports, adolescents' self reports show also a decrease in interindividual differences (sd) and do not reveal distinct gender differences. A comprehensive view about the developmental course of sleep duration during childhood (parents' report) and adolescence (self report) is given in Table 1 resp. Table 2 (percentiles). Figure 1 and Figure 2 display the development of sleep duration and interindividual variance.
Prevalence of Sleep Problems
Across the complete sample including children and adolescents, 19.5% of participants are reported to have or report having sleep problems in general (details in Table 3 ). This finding goes along with a significant difference between boys and girls: While 18.0% of the boys are affected by sleep problems, 21.0% of the girls are (p = 0.000). Thirteen percent of children and adolescents have difficulties falling asleep, accompanied by a significantly increased prevalence in girls (14.0%) compared to boys (12.0%, p = 0.000). Difficulties sleeping through the night arise in 8.8% of children and adolescents, which is again associated with a significant gender difference of 7.8% of the boys vs. 9.9% of the girls (p = 0.000). The combination of difficulties falling asleep and difficulties sleeping through the night occurs in 3.0% of cases (2.4% of boys vs. 3.6% of girls, p = 0.000).
In toddlers (0 -2 years) difficulties sleeping through the night are quite prevalent (17.5%), whereas difficulties falling asleep are reported in 8.7% of cases. Sleep problems in general are reported in 22.6% of participants between 0 -2 years. In this age group no significant differences between boys and girls can be identified.
The age group between 3 and 6 years presents a prevalence of 16.0% of sleep problems in general with no differences between boys and girls. Nine percent of parents report difficulties falling asleep and 9.4% difficulties sleeping through the night. Combined difficulties of falling asleep and difficulties sleeping through the night affect 2.7% of children in this age group.
School children between 7 -10 years are reported to present a similar and also gender-independent rate of sleep problems in general as in children between 3 and 6 years. An increase in difficulties falling asleep (13.6%) and a decrease in difficulties sleeping through the night (4.9%) is salient. As in children between 3 and 6 years, difficulties falling asleep and difficulties sleeping are stated in 2.7%.
The self report of adolescents between 11 and 13 years shows the highest prevalence of sleep problems in general among all age groups (23.1%). Difficulties falling asleep (17.0%) are also most prevalent in this age group. Difficulties sleeping through the night affect 7.8% of adolescents between 11 and 13, whereas the combination of difficulties falling asleep and difficulties sleeping through night occurs least often (2.2%) among all ages.
The results of the oldest age group (14 -17 years) are characterized by consistent differences between boys and girls. Sleep problems in general are reported by 20.7% of adolescents while girls are notably more affected (24.8%) than boys (16.7%, p = 0.000). In this age group girls show an elevated risk of developing sleep problems (OR = 1.42, 99%-CI = 1.24 -1.66). Difficulties falling asleep (15.1%) are also varying with respect to gender: 15.1% of boys vs. 17.6% of girls (p = 0.000). A remarkable difference between boys and girls also be-comes clear in terms of difficulties sleeping through the night: Whereas only 5.1% of boys report this disturbance, 11.0% of the girls state having difficulties sleeping through the night (p = 0.000). Combined difficulties of falling asleep and difficulties sleeping through the night affects adolescent girls more frequently (4.8%) than boys (1.7%, p = 0.000; overall prevalence: 3.2%). All details can be obtained from Table 4 . Figure 3 serves as a graphical comparison of the prevalence of mentioned sleep problems between the five age groups. As shown in Table 5 , short sleep duration is significantly associated with sleep problems in all age groups. Two univariate logistic regression models covering age groups childhood and adolescence show that sleeping short at night increases the risk for sleep problems in adolescence (OR = 1.79, 99%-CI = 1.53 -2.10), but not in childhood (OR = 0.99, 99%-CI = 0.85 -1.15). Because of the high prevalence of sleep problems in short sleeping 11 -13 year olds, this age group shows a specific strong association between short sleeping and sleep problems (OR = 3.11, 99%-CI = 2.22 -4.35). 
Discussion
The present study is one of the first publications of data for sleep duration from early infancy to late adolescence of a large sample. Similar to previous studies evaluating sleep of children and adolescents, the total sleep time decreases from 14. Figure 3 . Prevalence of sleep problems in general, difficulties falling asleep, difficulties sleeping through the night and the combination of difficulties falling asleep and difficulties sleeping through night compared between the age groups.
higher compared with what we found. On the other hand, the results are in line with the general tendency of lower sleeping times [13] . One of the objectives of this study was to evaluate gender differences or variations between children and adolescents, the results of these comparisons are illustrated above. Before puberty no gender differences were found. However, with onset of puberty gender differences were clearly seen between boys and girls. With the age of 13 years girls show more sleep problems in general than boys. This age specific development is becoming significantly stronger at the age of 14 to 17 years. In this age group girls show significantly more sleep problems, difficulties falling asleep, difficulties sleeping through the night and both symptoms than boys. These results are in line with Krishnan and Collop who showed that gender differences in sleep become apparent after onset of puberty because of hormonal changes [29] .
As several studies showed, many children and adolescents do not obtain adequate nocturnal sleep. In the full sample 19.5% of the children and adolescents showed unspecified sleep problems. This result is in difference to other studies who reported who reported sleep problems in 21.2% to 25%. But-as mentioned-it has to bear in mind that prevalence rate of insomnia changes due to diagnostic criteria in age groups and countries [27] . Struggling with falling asleep was described in 13% which is also a smaller percentage than what was reported of other European studies [12] and difficulties sleeping through the night were showed by 8.8% of the children and adolescents which is also a smaller proportion than in the Spanish study [12] . An amount of 3% reported both symptoms. These are in line with other studies which showed that many children have sleep problems during childhood [15] - [18] [30] . Looking at the age specific development of sleep problems it can be assumed that difficulties of falling asleep become a more frequent problem rising with age whereas problems sleeping through the night are less common within older children.
In our study the short sleepers had in 32.6% to 45.0% sleep problems whereas of normal sleepers 13.7% to 22.3% showed sleep problems. These results correspond with previous studies that showed that short sleep is significantly associated with more sleep problems as sleep deprivation [36] .
It has to be taken into account that in this study, the length of the child's sleep was assessed by the parents or the child him-or herself within a questionnaire. Therefore these data are subjective. To install more objective measures as actigraphs would have been helpful.
In sum, this study may help clinicians to evaluate sleep problems in childhood and adolescence bearing in mind that young children more often suffer from problems sleeping through the night, whereas older children and adolescents often suffer from problems falling asleep. As sleep duration and sleep problems are associated with various problems as concentration or behavior problems, an adequate and early treatment is necessary to prevent further impairments.
